We present detailed broadband UV/optical to X-ray spectral variability of the Seyfert 1 galaxy 1H 0419-577 using six XMM-Newton observations performed during [2002][2003]. These observations covered a large amplitude variability event in which the soft X-ray (0.3-2 keV) count rate increased by a factor of ∼ 4 in six months. The X-ray spectra during the variability are well described by a model consisting of a primary power law, blurred and distant reflection. The 2-10 keV power-law flux varied by a factor ∼7 while the 0.3-2 keV soft X-ray excess flux derived from the blurred reflection component varied only by a factor of ∼ 2. The variability event was also observed in the optical and UV bands but the variability amplitudes were only at the 6-10% level. The variations in the optical and UV bands appear to follow the variations in the X-ray band. During the rising phase, the optical bands appear to lag behind the UV band but during the declining phase, the optical bands appear to lead the UV band. Such behavior is not expected in the reprocessing models where the optical/UV emission is the result of reprocessing of X-ray emission in the accretion disc. The delayed contribution of the broad emission lines in the UV band or the changes in the accretion disc/corona geometry combined with X-ray reprocessing may give rise to the observed behavior of the variations.
INTRODUCTION
Active galactic nuclei (AGN) exhibit variable and complex spectral energy distribution (SED). The central engine of an AGN is known to radiate in the luminosity range 10 41−47 ergs s −1 almost equally over the entire electromagnetic spectrum. In the brightest AGN, the intense radiation emitted from the central engine dominates the light coming from other constituents of the host galaxy such as stars. The huge energy release is attributed to accretion onto a supermassive black hole (SMBH) (Hoyle & Fowler 1963; Lynden-Bell 1969) . The emitting regions in the vicinity of an SMBH are too small to be identified separately by any available instruments on ground or space facilities. Therefore, the multiwavelength variability of spectral components such as the big blue bump, power-law continuum, reflection components (i.e., Fe-Kα and reflection hump), soft X-ray excess and relationship between them are the most effective way to investigate the complex phenomena in the exotic physical conditions in the nuclear environment of an ⋆ Email: mainpal@prl.res.in † Email: gulabd@iucaa.in ‡ Email: rmisra@iucaa.in AGN. Indeed, variability studies of AGN over the last few decades have been important to understand the physical structure of emitting regions close to the SMBH.
The most pronounced SED component in the UV/optical band of Seyfert 1 galaxies is the "Big Blue Bump" (BBB). The BBB is thought to arise from the thermal emission from standard accretion disc peaking in the UV regime (see e.g., Shakura & Sunyaev 1973; Shields 1978; Koratkar & Blaes 1999) . According to the standard accretion disc theory, the outer disc emits in the optical band while the inner disc emits at lower wavelengths in the UV, with the emission sometimes extending to the softest X-rays (Done et al. 2013; Chiang et al. 2015) . In such a scenario, one would expect to observe emission from different parts of the accretion discs with a wavelength dependent time lag. One should be able to detect lag or lead between the optical/UV to X-ray emission arising from different regions. The optical/UV emission arising from the accretion disc can lag behind or lead the X-ray emission from a compact hot corona depending on whether X-ray reprocessing or intrinsic disc emission dominates the optical/UV band. The origin of UV/optical emission variability has been a subject of intense research. Recently Gliozzi et al. (2013) have found that the optical emission leads UV emission and UV emission leads soft X-rays in a radio loud narrow line Seyfert 1 galaxy PKS 0558-504, supporting a propagation fluctuation model. In reprocessing scenario, one would expect that the UV/optical bands lag the X-rays (e.g., NGC5548: McHardy et al. 2014; Edelson et al. 2015) .
Another ubiquitous feature of the SED of an AGN in Xray is power-law continuum emission. This emission is believed to be non-thermal emission from the central engine originating through inverse Compton upscattering of soft photons from the accretion disc in the hot corona (Sunyaev & Titarchuk 1980; Haardt & Maraschi 1991) . Often power-law continuum arises with a Fe-Kα reflection component near 6 keV and a reflection hump in the 10 − 40 keV band. The Fe-Kα emission line arises due to photoelectric absorption followed by fluorescence emission. The reflection hump peaking near 20 keV is the result of the photoelectric absorption at low energies and Compton back scattering in an optically thick material such as a putative torus or an accretion disc (Guilbert & Rees 1988; Lightman & White 1988; George & Fabian 1991) . The low energy band below about 2 keV in X-rays is sometimes dominated by a smooth component, known as the "soft X-ray excess (SE) emission" over the broadband power law component. This SE component was discovered in Seyfert type 1 galaxies in 1980s (Singh et al. 1985; Arnaud et al. 1985) . The origin of this component is still debated, but is most likely the blurred reflection from a partially ionized accretion disc Crummy et al. 2006; Walton et al. 2013a )) or thermally Comptonized emission from an optically thick, warm (kTe ∼ 0.3 keV) medium which is possibly the inner accretion disc (e.g., Magdziarz et al. 1998; Jin et al. 2009 ). These models are found to describe the observed soft excess equally well (e.g., Sobolewska & Done 2005; Dewangan et al. 2007) .
Information on time delay between power-law emission and soft band emission (i.e., soft X-ray and UV/optical) plays a crucial role in determining the driving mechanism. Sometimes soft emissions are observed before the hard emission such as power-law emission. This is termed as 'hard lag' (see e.g., Papadakis et al. 2001; McHardy et al. 2004; Dewangan et al. 2007; Walton et al. 2013b ) and it is not well understood. It can be described by a propagation fluctuation model in which the variations in accretion flow are modulated towards the inner accretion disc on the viscous timescales and finally the variations appear in strongly variable coronal X-ray emission (Lyubarskii 1997; Kotov et al. 2001) . More recently, a new type of lag called soft lag, where soft photons are received after hard photons, has been found in a number of AGN (Fabian et al. 2009; Zoghbi et al. 2010; Cackett et al. 2013; Fabian et al. 2013; De Marco et al. 2013) . The UV/optical emission from the accretion disc have been reported to lag the X-ray emission via X-ray reprocessing ( see e.g., McHardy et al. 2014; Fausnaugh et al. 2016; Buisson et al. 2017; Cameron et al. 2012; Breedt et al. 2010 Breedt et al. , 2009 . Optical/UV lags resulting from X-ray reprocessing can be used to probe the nature of accretion discs as suggested by McHardy et al. (2014) . Optical/UV leads, on the other hand, provide important information to probe the propagation fluctuation model for the energy dependent variability (e.g., Shemmer et al. 2003; Marshall et al. 2008) . Variations in the optical/UV and X-ray bands can also probe the variable partial covering absorption sometimes invoked to explain the observed spectral variability from AGN. Thus, simultaneous observations in X-ray and UV/optical bands can provide important clues on the complex environment around the central engine. 1H 0419-577 is a unique AGN to investigate the complex mechanisms for the variability.
1H 0419-577 is a well known broad-line Seyfert 1 AGN located at a redshift z = 0.104 (Brissenden et al. 1987; Grupe 1996; Guainazzi et al. 1998; Turner et al. 1999) . It has been observed by almost all X-ray satellites such as ROSAT, BeppoSAX and ASCA in the past and in the present decade by XMM-Newton, Suzaku and Swift. This AGN has shown complex X-ray broadband spectra studied by various authors (Walton et al. 2010; Turner et al. 2009; Fabian et al. 2005; Pounds et al. 2004a,b; Page et al. 2002) . In the X-ray spectrum, this AGN has revealed strong soft X-ray excess below 2 keV, moderate Fe-Kα near 6 keV and reflection hump in the ∼ 10 − 40 keV band (Turner et al. 2009; Walton et al. 2010; Pal & Dewangan 2013) . Di Gesu et al. (2014) presented the historical spectral variability based on broadband SED fitting using disc blackbody with a temperature ∼ 56 eV for the UV/Optical emission and two Comptonization components (warm plasma with τ ∼ 7, kTe ∼ 0.7 keV for soft excess and hot plasma with τ ∼ 0.5, kTe ∼ 160 keV) for X-ray emission modified by a partial covering neutral absorber. They claimed that the spectral variability may be explained by the variable partially covering neutral absorber having the column density in the range NH ∼ 10 19−22 cm −2 . Using two Suzaku and two XMM-Newton observations, Pal & Dewangan (2013) showed that the full broadband complex spectra are best described by the blurred reflection model, which was supported by the observed spectral variability. The implied strong X-ray illumination should also give rise to reprocessed emission in the optical/UV bands. The UV/optical emission of this AGN are found variable (see e.g., Di Gesu et al. 2014; Pounds et al. 2004b ) and their detailed relationship with the X-ray emission is explorable.
The nature of the variability of the optical/UV emission and its connection with the X-ray emission is not clearly understood. For example, NGC 3516 has shown fluke relationship between the X-ray and the UV/Optical radiation in various studies suggesting no clear evidence of X-ray connection with UV/optical emission Edelson et al. 2000; Maoz et al. 2002; Robertson et al. 2015; Buisson et al. 2017) . However, recent studies have shown the relationship between the optical/UV and the X-rays through either the X-ray reprocessing (e.g., NGC5548: McHardy et al. 2014; Edelson et al. 2015) or likely propagation fluctuation model (e.g., PKS 0558-504 : Gliozzi et al. 2013) . 1H 0419-577 is well known to be highly variable in the X-rays (see e.g., Pal & Dewangan 2013 ) as well as a UV bright source (Pye et al. 1995; Vagnetti et al. 2013 ). The available multi-epoch data sets of this AGN are well suited for the study of the complex relationship between optical/UV and X-ray variability which is not well understood. Thus, available simultaneous data sets in X-ray to UV/optical bands and luminous nature in UV and X-rays make this AGN an ideal laboratory to investigate the origin of the UV/optical emission variability and its relationship with various X-ray spectral components.
We organize the paper as follows. In the next section, we describe the observations and data reduction. We present the data analysis in Section 3 and discuss the main results in Section 4. We use the cosmological parameters H0 = 67.04 km s −1 Mpc −1 , Ωm = 0.3183 and ΩΛ = 0.6817 1 to calculate distance.
OBSERVATION AND DATA REDUCTION
XMM-Newton has observed 1H 0419-577 nine times since its launch. All available observations have been studied by several authors (e.g., Di Gesu et al. 2014; Pal & Dewangan 2013; Di Gesu et al. 2013; Tombesi et al. 2012; Vagnetti et al. 2010; Tombesi et al. 2010; Walton et al. 2010; Turner et al. 2009; Fabian et al. 2005; Pounds et al. 2004a,b; Page et al. 2002) . Here we study the relationship between optical/UV and X-ray variability of 1H 0419-577 using six monitoring observations performed during 2002-2003 (see Table 1 ). We followed standard reduction procedure using the XMM-Newton Science Analysis System (SAS version 14.0: Gabriel et al. 2004 ) with the latest calibration files. We utilized all observations listed in Table 1 We reprocessed the OM data sets using SAS tool omichain and used all available UV/optical data sets. We obtained background corrected count rates from the source list for each OM filter and converted the count rates into respective flux densities 2 . We also reprocessed the European Photon Imaging Camera (EPIC)-pn (Strüder et al. 2001 ) data, contemporaneous with the OM observations, using epproc and obtained event files. After examining the presence of flaring particle background by extracting light curves above 10 keV, we removed the intervals which were affected by flares. The observations of orbit numbers 558 and 720 were found significantly affected by solar/proton flares. We, therefore, used higher count rate cutoffs to get sufficient counts for spectral modeling. In case of the observation of orbit 720, we obtained useful exposure time of only ∼ 0.3 ks after excluding the intervals of high particle background. We used single and double events (PATTERN 4) for the EPIC-pn, and omitted events in bad pixels and at the edges of the CCD (FLAG=0). We extracted the source spectrum from a circular region with radius 40 arcsec centred at the source. We obtained background spectra from the circular regions with radii in the 30 − 83 arcsec range away from the source and without any bright portion of the CCD. The resultant net counts of each observation are listed in Table 1 . We did not find any significant pileup which might affect our analysis. We generated response matrix and ancillary response files at the source position using the tools rmfgen and arfgen, respectively and grouped the data using the SAS task specgroup with an oversampling of 5 and minimum counts of 20 per bin.
DATA ANALYSIS
To study the optical/UV emission variability and its connection with the X-ray emission, we used various techniques for timing as well as broadband X-ray spectroscopic analysis. Before carrying out our analysis, we corrected the UV/optical flux densities for contaminations from the host galaxy as described below.
Decomposition of flux components
The observed UV/optical flux can be considered as the combination of various emission components e.g., central engine, bulge and the disc of host galaxy, broad line regions (BLR) and narrow line regions (NLR). For this purpose, we used the observation of a white ). These parameters can be further used to estimate the flux from a point source such as 1H 0419−577. We modeled the radial profile (surface brightness as a function of detector pixel) of the observed point spread function (PSF) of the white dwarf by using Moffat function as given below
where I, I0, a, b are observed surface brightness at r, maximum brightness at r = 0, scale factor and slope, respectively. We also used a constant for the background brightness present in the PSF of the white dwarf. After fitting Moffat function plus a constant to the radial profile of the PSF for each filter, the best-fit parameters (a, b) obtained are listed in Table 2 . We then fixed the best-fit values of a and b of the Moffat function and modeled the radial profile of the observed PSF from the OM observations (UVW2, UVW1, U, B and V) of 1H 0419−577. The background subtracted radial profiles were fitted with the Moffat function for the AGN contribution. We also included the Sersic function for stellar contribution (Graham & Driver 2005) as de- scribed below
where Is is the surface brightness at a distance r from the centre, I bd is the maximum brightness due to the bulge and disc at a distance r bd , n is the Sersic index for galactic bulge and disc contribution. We obtained the best-fit parameters (I bd , r bd and n) required to decompose the emission from the AGN and the bulge plus disc contribution. We then integrated both Moffat and Sersic functions from r = 0 to r = 15 pixels to estimate the net surface brightness for each component for every band. The contribution from AGN and the host galaxy are listed in Table 2 . The host galaxy contribution is only at the level of 5 − 7%. The best-fit to the radial profiles of the PSF of AGN for each band are shown in Fig. 1 . In order to remove the contribution of emission lines from BLR and NLR, we used the equivalent width of all possible emission lines listed in Vanden Berk et al. (2001) in the observed bands. Using the typical bandwidth of OM filters, we estimated the net contribution of emission lines in UVW2 ∼6%, UVW1 ∼5%, U ∼2%, B ∼11% and V ∼4%. These contributions suggest that the emission lines may affect the band flux. Considering stellar contribution along with the emission lines, the net contribution in each band are estimated to be ∼13.3%, ∼10.5%, ∼7.0%, ∼16.5% and ∼9.8% in UVW2, UVW1, U, B and V bands, respectively. We obtained the count rates and corresponding flux densities in each of the OM bands for all the observations listed in Table 1 . We, therefore, subtracted above derived fractions from the observed flux densities to get the flux densities free from the contributions due to stellar and emission lines, in each band. Further, we dereddened the flux densities using Galactic reddening factor 0.0112 (Schlafly & Finkbeiner 2011) and intrinsic reddening factor 0.260 as estimated by Grupe et al. (2010) . Finally, we created light curves for flux densities of each band as shown Fig. 2 (a). 
Temporal analysis

Optical, UV and X-ray light curves
The optical/UV emission in Fig. 2 (a) shows spectacular variability in all the bands. The UV light curves reveal a major variability event which appears to have lasted for about a year. Starting from September 2002, the UV emission increased continuously, peaked in June 2003, and then declined. The optical V and B band emissions appear to be delayed in the rising part, there being no sign of flux increase from the first to second observation. However, the V and B band flux increased starting from the second observation and peaked in the fourth observation as in case of UV bands. We noticed that the variability profile of the B and V bands appear to be narrower than the UV band profiles. In particular, the B band variability profile is clearly narrower than the UVW2 band profile. Also the start-to-peak variability amplitude Fvar as determined from Equation 3 is the highest for the UVW2 (22.3%) band and decreases with the effective wavelength of other bands. We calculated background-corrected, net source count rates in the 0.3 − 10 keV (full), 2 − 10 keV (hard) and 0.3 − 2 keV (soft) bands from the cleaned EPIC-pn data obtained from each of the observations and created the X-ray light curves in the three bands as shown in upper three panels of Fig. 2 (b) . Interestingly, the rapidly increasing X-ray fluxes peak in 2003 March, not in 2003 June as the optical/UV emission does, and then decrease slowly with a sharp jump upwards in the end. The X-ray count rates vary rapidly from low to high (in 2002 September to 2003 March) by 242.7% in the 0.3−10 keV band, 71.4% in the 2−10 keV band and 324% in the 0.3 − 2 keV band. Following the maximum, reduction in the count rates was noticed with a variation of 25.2%, 15.2% and 27.1% in the full, hard and soft bands, respectively. The 0.3 − 2 keV count rates show variations higher than those of the 2 − 10 keV band. In the fourth panel of Fig. 2 (b) , the hardness ratio is shown between the 2 − 10 keV and 0.3 − 2 keV bands. Clearly, the X-ray spectrum of 1H 0419-577 became softer with time. The X-ray spectrum appears to be softer at higher flux as shown in Fig. 6 . Both the opti- cal/UV emission and X-ray emission seem to vary in a similar way and appear to be correlated to each other. To compare the variability in different light curves, we made use of the fractional variability amplitude Fvar statistic Vaughan et al. 2003) which is a measure of the intrinsic variability corrected for measurement uncertainty. The AGN variability being stochastic in nature, Fvar is not useful for the light curves over non-simultaneous periods. However, for simultaneous light curves in different energy bands Fvar provides a good estimation of the variability characteristic. Here Fvar is given by
where, S is the variance of the light curve,σ is also called as excess variance and is devoid of measurement uncertainties. The errors on Fvar are calculated using equation B2 in the appendix given by Vaughan et al. (2003) .
Fvar for optical/UV fluxes is in the range 3.6 − 7.3%. Similarly, Fvar is found to be ∼ 45% and ∼ 20% for power-law flux in the 2-10 keV and soft X-ray excess flux in the 0.3-2 keV, respectively, obtained from spectral modeling described below. The rms spectrum from X-ray to UV/optical bands is shown in Fig. 3 .
Spectral indices in UV/optical and X-ray bands
To characterize the broadband spectral energy distribution (SED) in UV/Optical and X-ray bands, we adopted a model-independent way based on UV/optical spectral index αUV and the UV-to-X-ray spectral index αOX. αOX can be estimated by using the following equation, . The light curves of six X-ray spectral parameters from top to bottom-photon index , 2 − 10 keV power-law flux, soft excess due to blurred reflection in the 0.3−2 keV band, inner emissivity index q1, column density and ionization parameter of the warm absorber. The flux of power law and soft excess components are measured in units of 10 −11 ergs s −1 cm −2 while ionization parameter has units of erg s −1 cm −1 . The errorbars on power-law flux and soft excess flux are quoted at one σ level while the error-bars on photon index is shown at 90% confidence level.
where Lν (2500Å) and Lν(2 keV) are the monochromatic luminosity densities at 2500Å and at 2 keV, respectively. We fitted the f λ = c × λ −β (where c and β are the normalization factor and slope, respectively) to the observed flux densities of various bands for each epoch. Following this procedure, we estimated the flux density at 2500Å for each epoch. Such modeling can also provide the UV spectral index αUV = 2 − β which can give the spectral variation of the AGN over all epochs. While fitting power law to the flux densities, we could not constrain the normalization parameter c and hence we were unable to estimate the errors on the flux densities at 2500Å. Such normalization caused no error estimation while determing αOX. Further, we also derived the flux density at 2 keV using the 0.3 − 10 keV continuum flux from the broadband X-ray modeling. Flux density Fν at a given frequency ν can be estimated by using the relation Fν = kν −α , k and α being some constant and spectral index, respectively. Integrating above relation from ν1 to ν2, the flux density Fν can be expressed as,
where F is the integrated flux between the frequencies from ν1 to ν2. Using estimated flux densities at 2 keV and 2500Å, we derived αOX for each epoch. The variation of αOX and αUV are shown in Fig. 4 .
Spectral modeling
We used XSPEC v12.9 (Arnaud 1996) to analyze the X-ray spectral data and used the χ 2 minimization technique to find the best-fit model parameters for all the observations. Below we quote the errors on the best-fit parameters at 90% (∆χ 2 = 2.71σ) confidence level unless otherwise specified.
We used the EPIC-pn spectral data due to the high signal to noise ratio compared to EPIC-MOS data. In order to find possible spectral variations, we first compared the EPIC-pn spectral data sets from all the six observations. We fitted an absorbed power law (tbabs×power law) model jointly to the six data sets in the 4 − 5 keV and 7 − 10 keV bands. To account for the Galactic absorption, we fixed the column density at NH = 1.83 × 10 20 cm −2 (Dickey & Lockman 1990 ) in the tbabs model which includes the latest photo-absorption cross-section and abundances (Wilms et al. 2000) . In the above energy bands, we varied the power-law normalization independently for each data set while we kept the photon index the same. The fit resulted in χ 2 /dof = 285.6/291, where dof stands for degrees of freedom, the best-fit photon index being 1.5±0.1. We then included the 0.3−4 keV and 5−7 keV bands for further analysis in the 0.3 − 10 keV band. We have shown the data to model ratio in Fig. 5 (a) , which clearly reveals spectral shape variability. The lowest state in 2002 September reveals a curvature down to 1 keV, a weak absorption feature near 1 keV, possibly an unresolved transition array (UTA) (e.g, Sako et al. (2001) ) feature of low ionized iron and a rising soft excess below 1 keV. The soft excess features seem stronger in 2002 December ( see Fig. 5 (a) ). Moreover, the soft excess appears stronger in the rest of the observations at low energies.
To characterize the broadband X-ray emission for all data sets, we begin with simple absorbed power law model in the 2 − 10 keV band using EPIC-pn data set of 2002 September. The fit resulted in χ 2 /dof = 217.4/159. The best-fit photon index we found was Γ = 1.00 ± 0.04. The flat power-law index (Γ ∼ 1) in the fit is difficult to understand, though this may be possibly due to extreme smearing either by reflection (e.g., Fabian et al. 2005) or absorption (e.g., Pounds et al. 2004a,b) . In some studies, it has been suggested that photon starvation may be responsible for the flat photon index (e.g., Page et al. 2002) . However, the measurement of reverberation delays in a number of AGN suggests that blurred reflection is more likely (see e.g, De Marco et al. 2013; Zoghbi & Fabian 2011) . The blurred reflection model also describes the broadband X-ray spectra of 1H 0419-577 (see e.g., Pal & Dewangan 2013; Walton et al. 2010) . We therefore used the relativistic reflection model relxill which is the combined form of the reflection model xillver (García et al. 2011 (García et al. , 2013 ) and relativistic line model relline (Dauser et al. 2010 . This model calculates the reflected emission at each angle at each radius of the accretion disc (García et al. 2014) . This model consists of the built-in power law component to illuminate the disc. The detailed parameters of relxill and its different applications are described in brief on a webpage document 3 . The applied form of relxill in our analysis assumes that the X-ray source illuminates the accretion disc. The illumination is described as a broken emissivity law which has the form ǫ ∝ r −q in between rin and r br , and ǫ ∝ r −qout between r br and rout; where r is the distance between accretion disc and X-ray source, q1 and q2 are inner and outer emissivity indices and rin , r br and rout are the inner, break and outer radii of accretion disc, respectively. The other parameters are spin of the central black hole a, inclination angle i, iron abundance AF e relative to solar abundance, illuminating power-law index Γ, high energy cutoff Ecut, ionization parameter (ξ = L/nr 2 , where L is X-ray luminosity of source, n is the hydrogen number density of disc material and r is the distance of the Xray source from the accretion disc) and reflected fraction of distant emission denoted by R. The negative value of R is used to get only reflected flux and then separate power law component is required to illuminate the disc. We added relxill model in the 0.3−10 keV absorbed power law fit (e.g, tbabs×(relxill+power law)). We tied the relxill photon index to power-law photon index Γ and the R parameter for relative reflection fraction was fixed to −1. We also fixed the iron abundance to 1, the inclination to 30 degree, high energy cutoff to 500 keV and outer radius to 400rg. The fit with power law+relxill model resulted into χ 2 /dof = 364.5/216. In order to account for reflection from distant optically thick matter such as the putative torus, we added xillver. The model parameters are iron abundance relative to solar abundance, inclination, high energy cutoff, ionization parameter and its photon index for X-ray illumination. We fixed its photon index at 2.2, the inclination to 30 degree, high energy cutoff to 500 keV, iron abundance to 1, ionization parameter to 1 ergs s −1 cm −1 and we varied only its normalization. The fit significantly improved to χ 2 /dof = 274.5/215. We further varied its ionization parameter which improved the fit by ∆χ 2 = −13.1 with additional one free parameter.
To be more realistic, we replaced the phenomenological power law model by nthcomp (Zdziarski et al. 1996; Życki et al. 1999) which can correctly predict the low energy roll over where Galactic absorption can modify the spectrum. We fixed seed photon temperature at 4 eV as obtained for maximally spin black hole with mass 3.8 × 10 8 M⊙ for this AGN accreting with Eddington rate and electron temperature associated with X-ray corona to 200 keV. The fit resulted in χ 2 /dof = 259.7/214. The residuals show a dip due to the OVII edge and a weak smooth UTA feature below 1 keV. Pounds et al. (2004a,b) confirmed the presence of the OVII complex edge using reflection grating spectrometer (RGS) 3 http://www.sternwarte.uni-erlangen.de/ dauser/research/relxill/relxill doc.pdf data for this object. To model these warm absorber features, we created xstar model grids assuming the illuminating power-law photon index Γ = 1.8, seed photon temperature T = 10 4 K and luminosity L = 10 44 erg s −1 . We, then, added the xstar model to fit the warm absorber features. We allowed the variation of its column density NH and ionization parameter ξ. The fit improved by more ∆χ 2 = −11.1 with two extra free parameters. We did not find any significant residuals in the final fit. Thus the fit resulted in χ 2 /dof = 247.8/211. The distant reflection xillver parameters are expected not to vary significantly between various observations. In order to carry out the spectral variability of various spectral components such as soft excess and power-law emission, joint analysis is the best tool to fit all the data sets together. We, therefore, tied xillver parameters of all data sets to that of 2002 September observation. We fixed the parameters of xillver at ξ = 1 erg cm s −1 , AF e = 1 and Γ = 2.2 and allowed its normalization to vary. The exposure of 2003 November observation is short and consists of usable data of only about 0.3 ks. To get power law component for this data set, we also tied the relxill parameters, which is considered to provide less variable reflected emission compared to power-law emission (see e.g., Fabian et al. 2005) , to the relxill parameters of similar flux state which is from 2003 June. We linked its relxill parameters such as q1, ξ, R br , Rin and its normalization to the same observation.
In the joint analysis, we used various model components to describe multiple data sets. Sometimes a model component is ap- 11.2
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0.31 plicable for one data set but may not be required for other data set(s). For example, the UTA feature is visible in the 2002 September and 2002 December data sets, while it is hardly visible in other data sets. Initially, we found that the xstar parameters for 2003 November observation are pegged to its hard and soft limits for ionization parameter (log(ξ/erg cm s −1 )= 4) and column density (NH = 10 19 cm −2 ), respectively, suggesting not required for this data set. Therefore, we froze them to their limits. We allowed rest of the parameters of model components to vary. This final fit did not show any significant residuals and resulted in χ 2 /dof = 1201.8/1107. The best-fit data, model components and residuals are displayed in Fig. 5 (b) . The fit results are listed in Table 3 . We derived the nthcomp flux in the 2 − 10 keV band and soft excess flux in the 0.3 − 2 keV band from relxill model. The photon index and X-ray flux components are shown in Fig. 6 .
In order to investigate the connection between the UV/optical and X-ray emission, we performed broadband optical/UV to X-ray spectral fitting. For this purpose, we used the spectral data obtained from the 2003 March observation, which has the largest net count (see Table 1 ). We used this count rate after subtracting the fraction of stellar contribution of host galaxy. We first fitted the X-ray band (0.3 − 10 keV) with the same model xstar×(xillver+relxill+nthcomp) as used in the joint spectral analysis. We fixed the parameters of the distant reflection to the best-fit values obtained from the analysis and varied other parameters as we did for the earlier analysis. The fit resulted in χ 2 /dof = 201.8/220. Further, we extrapolated the X-ray fit down to UV/optical range including the UVW2, UVW1, U, B and V bands. The UV/optical emission is expected from the disc and other constituents of the host galaxy. We therefore added diskpn model to fit the UV/optical emission. This model consists of three parameters: temperature Tmax, inner radius Rin, and its normalization
4 , where MBH is mass in solar unit, i is inclination, DL is the luminosity distance in kpc and β is the colour temperature ratio. We calculated the diskpn normalization to be 1.5 × 10 4 using the mass of the black hole MBH = 3.8 × 10 8 M⊙ (O'Neill et al. 2005) , i = 30 degree , DL = 500.5 × 10 3 kpc and β = 2.4. We fixed the normalization at the estimated value and the inner radius at 6rg. We also fixed the inner temperature at Tmax = 3 eV as estimated for this source. We further dereddened the UV/optical bands by using redden and zredden being fixed at 0.0112 and 0.26. This results in a poor fit (χ 2 /dof = 3.26 × 10 6 /236) and shows huge positive residuals suggesting an excess in the UV/optical emission compared to that expected from an accretion disc. Varying the normalization of diskpn due to the uncertainty in mass and luminosity distance may help to describe the positive residuals (i.e., Bonson et al. 2015) . The fit improved significantly to χ 2 /dof = 1.85×10 6 /235 though there are still positive residuals present in the UV/optical bands. The broadband spectrum, the model and the residuals are shown in Fig. 7 (a) .
We also tested the intrinsic disc Comptonized model, available as optxagnf in XSPEC, for the accretion disc, soft excess and hard power law component (Done et al. 2012 ). This model describes the soft excess as the thermal Comptonization from an optically thick, cool plasma (kTe ∼ 0.3 keV). The parameters for this model are the mass of black hole MBH, accretion rate relative to the Eddington rate L/L Edd , black hole spin a, fraction of power that goes to hard X-rays above 2 keV f pl , high energy power-law photon index Γ, the distance that separates the disc emission and coronal emission rcor, the temperature of the cool plasma kTe and its optical depth τ , outer radius of the disc and its normalization. We first fitted the X-ray band using optxagnf model modified by the Galactic absorption. We fixed the mass at 3.8 × 10 8 M⊙ given by O'Neill et al. (2005) , spin parameter at a = 0.998, an upper limit suggested from the analysis, outer radius at 10 5 rg and its normalization to unity to get the correct flux from the disc. The naturally required distant reflection was fixed to its best-fit parameters as obtained from the joint analysis. We allowed rest of the parameters to vary. The fit resulted in χ 2 /dof = 435.6/225.
The residuals showed the presence of mild absorption features in the soft X-ray band, which require further modification of the spectrum. The residuals required the zxipcf model which is a xstar photo-ionization code created with illuminating powerlaw photon index Γ = 2.2 and the turbulence velocity 200 km s −1 (Reeves et al. 2008) . This model has four parameters: redshift, covering fraction, ionization parameter and the column density. We fixed the redshift to the source redshift and varied column density, ionization parameter and covering factor of both the absorbers required for the fit. The final fit resulted in χ 2 /dof = 203.0/219. We then fixed the accretion rate to the Eddington rate to get maximum disc emission and found that the fit did not change from its earlier best-fit and resulted in the same best-fit with χ 2 /dof = 203.0/220. We then extrapolated the best-fit for the X-ray band down to UV/optical bands. After freezing the best-fit parameters of X-ray band, we added the redden model to modify the full spectrum from our Galactic extinction. We fixed the reddening factor to 0.0112 as obtained from Schlafly & Finkbeiner (2011) . We also added the redshifted redden model to modify the spectrum from intrinsic extinction within the host galaxy. The final fit resulted in a poor fit with χ 2 /dof = 1.13 × 10 6 /236 due to the large excess in the UV/optical range. This is shown in Fig. 7 (b) .
Correlation between various spectral components
We studied the linear correlation among 2-10 keV power-law flux, flux of soft X-ray excess, UV/optical flux densities, αOX, αUV and reflection fraction parameter. Since the data points are sparsely distributed, we used the Spearman rank-order correlation coefficient 'ρ' to estimate the correlation between various spectral parameters. We determined correlation between the 2 − 10 keV power-law flux and the UV/optical flux densities. We also derived p values to calculate the significance of their correlation. The power-law flux and soft X-ray flux are strongly correlated with a correlation coefficient of 0.94 at 99.5% level. The correlation coefficients for the UVW2, UVW1 and U bands with the power-law flux are 0.38, 0.46 and 0.52, respectively, and their significance is at the modest level of ∼ 60%. On the other hand, the correlation of B and V-bands with the 2-10 keV power-law flux are found to be very weak with correlation coefficient of 0.29 and 0.12, respectively (See of Fig. 8 ).
The correlation between the 2-10 keV power-law flux and αOX is estimated to be 0.93 at a significance level of 99.2% (see Fig. 9 ). We also found poor correlation between the reflection fraction and the αUV (see bottom panel of Fig. 10 ) indicating complex origin of UV/optical emission in the AGN.
DISCUSSION
The UV/optical emission from 1H 0419-577 in different bands varied from minimum to maximum during 2002 September to 2003 June and then from maximum to a low value by 2003 November. Thus the XMM-Newton monitoring observations covered a major variability event lasting for about a year. Though the variability pattern in different bands appear to be similar as the emission in all bands rises from a low value to maximum and again decreases from maximum to a low value, there are some differences. The fractional variability amplitude (Fvar = 7.3−3.6%) in different bands decreases with the effective wavelengths of the optical/UV bands. Since shorter wavelength UV radiation arises from the inner accretion disc while the longer wavelength optical emission arises from relatively outer regions. This suggests that the Fvar increases with decreasing disc radius. In addition to the optical/UV emission, the strongest variability is observed for the 2 − 10 keV power law component arising from the innermost regions (see Fig. 3 ). Wavelength-dependent variability characteristics may be intrinsic to the accretion disc/corona as predicted by the propagation fluctuation model. In such a case, X-ray emission must lag the UV/optical emission. However, the UV/optical variations appear to follow the variations in the X-ray emission. Also the variability timescale is much shorter than the viscous timescale. Hence, the UV/optical variability cannot be in the intrinsic emission from the accretion disc.
The relationship between αOX and FUV at 2500Å are expected to be anti-correlated for normal AGN (e.g., Gallo 2006) . However, our finding in 1H 0419-577 does not show such anticorrelation (see Fig. 4 ). This suggests that 1H0 419-577 is an X-ray weak AGN though the X-ray flux increases with time. X-ray weak nature infers the AGN to be reflection dominated where most of power-law emission is bent towards the disc (e.g., Miniutti & Fabian 2004) . Comparing the derived αOX (< −2 found in present work) to the αOX ∼ 1.5 as found by Grupe et al. (2010) , this AGN seems to be X-ray weak during [2002] [2003] . Similarly, αUV ∼ −0.65 (as reported by Grupe et al. 2010) , which is very low compared to what we found (see right panel of Fig. 4 ). This suggests that the source is also weaker in UV/optical bands during [2002] [2003] . Interestingly, the strong correlation between αOX and 2-10 keV power-law flux (see Fig. 9 ) indicates that the UV/optical fluxes vary slowly compared to the X-ray flux and this is clearly seen in Fig. 3 . Such behavior hints that the X-ray and UV/optical emission are related to possibly a single radiation mechanism such as reprocessing phenomenon.
The possible delay of the optical/UV emission can, however, be caused by reprocessing of X-ray emission from the hot corona into the accretion disc. Thus, the observed optical/UV emission is most likely dominated by the reprocessed X-ray emission. This is indeed supported by our optical/UV to X-ray spectral modeling where we found that the optical/UV emission cannot be entirely described by the accretion disc component alone, and is in excess of that expected from the disc (see Fig. 7 ). In the reprocessing scenario, the 2 − 10 keV power-law flux obtained from the broadband spectroscopy is expected to correlate with each UV/optical emission component. The observed moderate significance for all the UV/optical bands (see Fig. 8 ) and, the reflection fraction parameter and αUV (see Fig. 10 ) may suggest that these bands are possibly either affected by additional components such as emission lines or due to the complex interplay between the accretion disc and the compact corona.
Comparing the variability patterns of the optical and UV bands, it is obvious that the optical B and V bands appear to lag behind the UV bands -UVW2, UVW1 and U in the rising part of the variability event (see Fig. 1 ). This suggests that the optical emission arises from relatively outer regions compared to the UV emission. Such time lags dependent on the wavelength of radiation are expected in the case of reprocessing of X-rays in the standard accretion discs with known temperature profile. Observations of wavelength-dependent time lags play a major role in probing the nature of accretion discs in AGN ( see e.g., McHardy et al. 2014; Fausnaugh et al. 2016; Pal et al. 2017 ). In the case of 1H 0419-577, it is not possible to determine the time-lag spectrum due to the sparse sampling of the data. Future multiwavelength monitoring observations such as those possible with the ASTROSAT mission will play an important role in determining the nature of accretion disc in 1H 0419-577.
The expected time lag or lead between the X-ray emission and the UV/Optical emission is equivalent to the light-crossing time. The light-crossing time in a simple lamppost geometry is the time travel by the X-ray emission from a central compact corona to the region of the accretion disc peaking in the UV/Optical bandpass. Assuming the viscous heating, the effective wavelength λ ef f of a bandpass can be converted into the temperature of a blackbody using the Wein's law. The temperature of geometrically thin and optically thick standard disc allows us to determine the radius of the disc corresponding to peak emission at the effective wavelength of a bandpass (e.g., Smith & Vaughan 2007) . Thus approximate lightcrossing time at a given radius between the disc and the compact corona can be expressed as
days (6) whereṀ M Edd is the ratio of accretion rate to the Eddington rate and black hole mass MBH is used in unit of 10 8 M⊙. We calculated the light-crossing time for each effective wavelength for respective bandpass and listed in Table 4 . We can derive other time scales associated with the accretion disc such as dynamical, thermal and viscous time scales (e.g., King 2008) . The shortest time scale is the dynamical time scale (t dyn ) corresponding to the Keplerian frequency.
sec (7) here rg is the gravitational radius. The thermal time scale (t th ) is related to the dynamical time scale (t th = t dyn α ) and the viscous time scale can be defined as tvis = t th r h 2 , where α and h are the viscosity parameter and height of the disc, respectively. We listed all the time scales for a simple comparison corresponding to the peak emission of a bandpass in the Table 4 The light-crossing time scale for 1H 0419-577 ranges from ∼ 5 to ∼ 16 days. The observed profile of the UV/optical emission seem to follow the X-ray emission possibly on about three month time scale. This duration is much longer compared to the estimated light-crossing time scale. The maximum exposure of a particular observation used in this work is ∼ 15 ks. This duration is much shorter than the expected light-crossing time scale. Therefore, the dominance of X-ray illumination over the accretion disc is difficult to predict. On the other hand, when the UV/optical photons act as the seed photons to give the X-ray emission by inverse Compton scattering, the UV/Optical emission and the X-ray emission must be connected on light-crossing time scale. In the Comptonization process, the UV/Optical emission lead the X-ray emission. This is contrary to the seen trends between the UV/optical band and the X-ray bands. Di Gesu et al. (2014) presented the joint fitting in the UV/Optical and the X-ray bands using simultaneous the UV/Optical and the X-ray emission with ∼ one day long observation. They claimed that the UV/Optical emission may give the X-ray emission by the Comptonization phenomena. Though this fit raises a concern how the UV/Optical emission can be related through ∼ a day long observation whose duration is much shorter than the expected light-crossing time.
Connection between the UV and optical bands in the declining part of the variability event appears far more complex. The variability profiles in the UV bands are generally broader compared to those in the optical bands. The UVW2 band is clearly delayed compared to the optical B and V bands in the declining phase. This is contrary to the expectations from the simple disc reprocessing model where the optical emission arising from outer regions is expected to lag behind the UV emission arising from the inner regions. One possibility is that there is relatively stronger contribution of an additional delayed component such as the broad emission lines in the UVW2 band. Since the broad line region (BLR) is larger than the UV continuum emitting region as is known from the reverberation mapping of a number of AGN ( see e.g., Zu et al. 2011; Kaspi et al. 2005; Peterson et al. 2004; Kaspi et al. 2000) , the contribution of broad emission lines in any band will cause additional delay in addition to the delay between the continuum in two different bands.
Using the typical band-width of the OM filters, we found the net fraction of emission lines in UVW2 ∼ 6%, UVW1 ∼ 5%, U ∼ 2%, B ∼ 11% and V ∼ 4%. The net contribution in each band suggests that the emission lines flux may affect the band flux. Further, the emission line variability may also be reflected in the observed variable UV/optical emission if these emission lines in BLR arise likely as a result of photo-ionization of BLR by the continuum emission.
The size of BLR (RBLR) may help to understand the observed UV/optical variability. To estimate the size, we need monochromatic luminosity at 5100Å(λL λ (5100Å) according to the following equation given by Kaspi et al. (2000) : We derived the monochromatic luminosity using the bestfit linear model to the observed average flux densities in various bandpasses. The flux density from the best-fit linear model ( (−4.2 ± 0.7) × 10 −4 × λ+2.8 ± 0.3, where λ is inÅ) is found to be ∼ 0.6×10 −14 erg s −1 cm −2Å−1 at 5100Å. The corresponding luminosity λL λ (5100Å) is estimated to be ∼ 9 × 10 44 erg s −1 . Thus using Equation 8, we found a rough estimate of BLR size ∼ 150 days which is similar in order of magnitude to the observed delay between the X-ray and UV/optical emission. This may suggest that some of the variability in the UV/optical emission may be caused by BLR region.
In addition to above, the UV light curves are much broader compared to optical light curves, and it seems that the UV emission is delayed compared to the optical emission. One would expect that the natural cause of these changes between UV and optical emission may be related to the variations in accretion flow, which are modulated at each radius towards the centre. Such variations, eventually, appear in highly variable X-ray emission which originates in the vicinity of the SMBH. In such a scenario, the X-ray emission is expected to lag the UV emission. However, the X-ray emission is narrower and is received earlier than the UV/optical emission. This suggests that the UV emission is partly contributed by the changes in accretion flow.
Alternatively, the observed UV/optical emission variability may be associated with the complex changes in the geometry of the X-ray corona, which is reflected in the soft excess emission. The soft excess flux changes drastically during 2003 March observation. This is difficult to understand unless there is no change in the coronal geometry. The UV/optical emission appear to delay compared to the X-ray emission and both the UV/optical emission show variations differently after the peak. The optical emission varies much faster than the UV emission. This may be because the X-ray corona expands initially while all emission components increase from minimum to maximum. Moreover, during the variations from peak to next low value, the X-ray corona shrinks, which can imprint further changes in illumination over the outer accretion disc, where the optical emission is expected to arise. In such a case, the X-ray emission is also expected to decrease which is not seen in the observed X-ray emission. The higher X-ray emission is possible when the X-ray corona is distributed to a greater extent vertically than radially.
Indeed, our study provides good insights in the complexities in X-ray to UV/optical emission variability. It helps to understand the possible scenario causing the variability. However, all observations are of short exposures and hence this object requires good signal to noise observations with proper monitoring in the X-ray to UV/optical bands. Such a programme is possible with the newly launched first Indian astronomical satellite ASTROSAT, a space facility to observe simultaneously over a broad range from optical to hard X-rays. ber States and NASA by the NASA Goddard Space Flight Center (GSFC). We also used the software and/or web tools obtained from the High Energy Astrophysics Science Archive Research Center (HEASARC) of the NASA/GSFC Astrophysics Science Division and of Smithsonian Astrophysical Observatory's High Energy Astrophysics Division.
